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Description
Field of the invention

[0001] The present invention relates to a novel process based on solid state thermal reaction for the preparation of
cathode materials for lithium secondary batteries such as rocking chair and intercalated batteries.

Background of the invention

[0002] Lithium compounds such as lithium cobaltate (LiCoO,) and lithium nickelate (LiINO,) are widely used as cathode
material for both lithium secondary cells and thin film micro-batteries due to its high reversibility to lithium ions, high cell
capacity and less fading capacity over LiMn,0,.

[0003] In general, lithium cobaltate materials are prepared by solid state thermal method and soft chemistry (like sol-
gel) methods. The common materials for the preparation of this cathode lithium cobaltate (LiCoO,) are any one of the
lithium salts viz. lithium nitrate or lithium hydroxide, lithium acetate lithium carbonate with cobalt nitrate or cobalt oxide.
Soft chemistry methods are mainly used to prepare the intercalation compounds at low temperatures and to reduce the
particle size of the compounds. But the soft chemistry routes are multi-step procedures, prolonged time for calcination
and expensive. Prolonged heating time, mechanical grinding and intermittent cooling are major drawbacks of solid state
thermal procedures. Other preparation methods are also available in literature for preparation of lithium cobaltate like
pulsed laser deposition, sputtering and electrostatic spray deposition. Lithium nickelate is also useful as a cathode in
lithium secondary cells of high voltage to replace present low energy density secondary storage cells. In the art it is
known to prepare lithium nickelate by reacting lithium nitrate, or lithium hydroxides or any other lithium salts with lithium
nitrates, acetates, hydroxides or sulphates by a sol-gel process at a temperature in the range of 350 - 500°C. However,
separation of the final product requires several steps.

[0004] In the preparation of intercalation compounds, any one of the following disadvantages are observed in the
above conventional procedures.

. Side reactions occur i.e., unexpected product.

. Unreacted material is left behind which acts as impurity.

. Partial reactions occur.

. Several steps are needed for preparation.

. Controlled conditions required.

. Long calcination time

. Nonhomogeneous reactant distribution during heating i.e., undesirable phases are formed.

~NOoO s WON =

Reference:
[0005]
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No0.3(1996) 879-884.
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batteries", Chun-Chieh Chang, N. Scarr and P. M. Kumta, J. of Solid State lonics, Vol 112, 329 - 344 (1998).
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niques”, C. Julien, S. S. Michael and S. Ziolkewicz, International Journal of Materials, Vol. 1 (1999), 29 - 37
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batteries", Jierond Ying, Chunrong Wan, Changyin Jiang and Yangxing Li, J. of Power Sources" Vol 99, (2001), 78 - 84
13. "High temperature combustion synthesis and electrochemical characterisation of LiNiO2, LiCoO2 and LiMn204
for lithium ion secondary batteries", M. M. Rao, C.Liebnow, M. layalakshmi, M. Wulff, U. Guth and F. Scholz, J. of
Solid State Electrochemistry”, Vol 5, Issue 5, 348-354 (2001)
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Bulletin de la Société Chimique de France, No. 11-12 ,(1975), pages 2426-2430

Objects of the invention

[0006] The main object of the invention is to provide a process for the preparation of lithium cathode materials which
overcomes the disadvantages of the prior art enumerated above.

[0007] Itis another object of the invention, to provide a process for the manufacture of lithium cathode materials which
does not involve the formation of side products.

[0008] Itis a further object of the invention to provide a process for the manufacture of lithium cathode materials which
does not result in impurities.

[0009] Itis a further object of the invention to provide a process for the manufacture of lithium cathode materials which
does not involve a multiplicity of steps.

Summary of the invention

[0010] Accordingly the present invention relates to a solid state thermal process for the preparation of lithium cathode
materials of the general formula LiMO, where M is Co comprising reacting solid lithium oxide (Li,O) with Co30,4 under
controlled conditions according to claim 1.

[0011] In one embodiment of the invention, the metal oxide is Co30,4 and the lithium oxide and the cobalt oxide are
mixed in stoichiometric condition.

[0012] In another embodiment of the invention, the reactants are heated at a temperature in the range of 450 to 750°C.
[0013] In a further embodiment of the invention, the reactants are of analytical reagent grade.

[0014] In a further embodiment of the invention, urea or ammonium nitrate is added to the reaction mixture of lithium
oxide and cobalt oxide as self heat generating materials and ground well.

[0015] In yet another embodiment of the invention the ratio of Li,O + Co30,4 mixture and urea or ammonium nitrate
additive is 1:3.

[0016] In a further embodiment of the invention, the process comprises mixing solid lithium oxide and cobalt oxide,
mixing urea in the resultant mixture and grinding the final mixture, introducing the resultant mixture in a furnace and
heating at a temperature in the range of 450 to 750°C to obtain lithium cobaltate.

[0017] In one embodiment of the invention, the Li,O is mixed with Co30, in the following preferred proportions Li,O:
Co30,4 = 0.16: 0.84 (for 1 gram)

Detailed description of the invention

[0018] The presentinvention provides a simple single step reaction for the preparation of cathode materials for lithium
secondary cells such as lithium cobaltate and lithium nickelate. The process comprises solid state mixing of the lithium
oxide with the corresponding metal compound and heating with the addition of urea or ammonium nitrate. The preferred
temperature range for the heating which is carried out continuously in a furnace is 450 to 750°C for a period of H about
8 hours. The products formed were examined by X-ray diffraction for confirmation. The following reaction occurs during
the thermal process when the metal is cobalt.

3Li,0 + 2C030, + (O) - 6LICo0,
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[0019] Li,O is mixed with Co;0, in the following desired proportions Li,O : Co30, = 0.16: 0.84 (for 1 gram). It is
preferred that the reaction takes place in an electric furnace. The materials used are all in the solid state.

Preparation of LiCoO, through solid state thermal reaction:
[0020]

(A) LioO solid state material is allowed to react with solid Co;0, under controlled conditions at moderate temperature
which yields fairly very good sample of spinel structure useful as a very good intercalating cathode. Stoichiometric
amount of Pure AR sample of Co30, is mixed with pure AR sample of Li,O in the cationic ratio of Li:Co is (1:1) for
the preparation of LiCoO,. This mixture is thoroughly mixed with urea in the ratio of 1:3 (mixture: urea). This uniform
mixture was preheated at 300°C for 3 hours. In order to obtain a better homogeneous mixture, this mixture is ground
well with double distilled water free ethylene carbonate (EC). This mixture was again heated to 700°C for 5 hours
continuously to yield lithium cobaltate (LiCoO,) which is evidenced by X-ray analysis (Figure 1a).

(B) LioO solid state material is allowed to react with solid Co;0, under controlled conditions at moderate temperature
which yields fairly very good sample of spinel structure useful as a very good intercalating cathode. Stoichiometric
amount of Pure AR sample of Co;0, and pure AR sample of Li,O in the cationic ratio of Li:Co is (1:1) for the
preparation of LiCoO,. This mixture is thoroughly mixed with ammonium nitrate in the ratio of 1:3 (mixture: ammonium
nitrate). This uniform mixture was preheated at 300°C for 3 hours. In order to obtain a better homogeneous mixture,
this mixture is ground well with double distilled water free ethylene carbonate (EC). Again this mixture was heated
to 700°C for 5 hours continuously to yield lithium cobaltate (LiCoO,) which is evidenced by X-ray analysis (Figure 1b).

[0021] The following reaction occurs during the thermal process.
3Li,O + 2C030,4 + (O) — 6LiCo0O,

[0022] The following examples are given by way of illustration and therefore should not be construed to limit the scope
of the present invention.

Example-1
[0023] AR pure dry Li,O is mixed with AR pure dry Co30y, in the ratio of 0.16: 0.84 in a pestle and mortar arrangement

and then the mix is further mixed with 3 times the weight of urea and then introduced in an electric furnace. This mixture
was heated first for 3 hours at 300°C and then again heated at 700°C for 5 hours.

Components Compositions
Li,O 0.16 g*
Co30, 0.84 g*
Urea 3.00g

Pre heating temperature 300°C
Final temperature 700°C
Time 8 hours
Particle size ofthe product  10-20 pm
Nature of the product Black

Efficiency of the process > 90%

Example-2

[0024] Pure dry AR Li,O is mixed with pure dry AR Co30, in the molar ratio of 0.16: 0.84 in a pestle and mortar
arrangement and then the mix is further mixed with 3 times the weight of ammonium nitrate. The final mixture was heated
first for 3 hours at 300°C and then heated at 700°C for 5 hours.

Components Compositions
Li,O 0.16 g*
Co30,4 0.84 g*
Ammonium nitrate 3.00g
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(continued)
Components Compositions
Pre heating.temperature 300°C
Final temperature 700°C
Time 8 hours
Particle size of the product  10-20 pm
Nature of the product Black

Efficiency of the process 90%

*molecular weight ratio

[0025] The main advantages of the present invention are

1. It is a single step solid state thermal process.
2. Li,O is used to react with Co;0, to form LiCoO,. of high capacity cathode for intercalation.
3. Heating time is considerably less, and hence considerable-heating time can be saved.

Claims

1.

A solid state thermal process for the preparation of LiCoO,, comprising:

reacting Li,O with Co30, in solid state;

adding urea or ammonium nitrate to the mixture of Li,O and Co3;0, to obtain a reaction mixture; and grinding
the reaction mixture;

wherein Li,O and Co3;0, are heated at a temperature in the range of 450 to 750°C.

2. The solid state thermal process of claim 1, wherein the ratio of Li,O + Co30, mixture and urea or ammonium nitrate
additive is 1:3.
3. The solid state thermal process of claim 1, wherein Li,O and Co30, are mixed in the following proportion Li;0:C030,4
=0.16:0.84 per gram.
Patentanspriiche
1. Thermisches Festkdérperverfahren zur Herstellung von LiCoO,, aufweisend:
Umsetzen von Li,O mit Co30, in festem Zustand;
Zugeben von Harnstoff oder Ammoniumnitrat zur Mischung von Li,O und Co30,4, um eine Reaktionsmischung
zu erhalten;
und Mahlen der Reaktionsmischung;
wobei Li,O und Co30,, bei einer Temperatur im Bereich von 450 bis 750 °C erhitzt werden.
2. Thermisches Festkérperverfahren nach Anspruch 1, wobei das Verhéltnis der Mischung von Li,O + Co30, und
Harnstoff- oder Ammoniumnitrat-Zugabe 1:3 betragt.
3. Thermisches Festkorperverfahren nach Anspruch 1, wobei Li;O und Co30, im folgenden Verhaltnis Li;0:Co30,4

gemischt werden = 0,16:0,84 je Gramm.

Revendications

1.

Procédé thermique a I'état solide pour la préparation de LiCoO,, comprenant les étapes consistant a :

faire réagir le LiO, avec le Co30, a I'état solide ;
ajouter 'urée ou le nitrate d’'ammonium au mélange de LiO, et de Co;0, pour obtenir un mélange réactionnel ;
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et broyer le mélange réactionnel ;
dans lequel le LiO, et le Co30,4 sont chauffés a une température située dans la plage de 450 & 750°C.

Procédé thermique a I'état solide selon la revendication 1, dans lequel le rapport du mélange de LiO, + Co30,4 et
de I'additif urée ou nitrate d’ammonium est de 1:3.

Procédé thermique & I'état solide selon la revendication 1, dans lequel le LiO, et le Co;0, sont mélangés en la
proportion suivante LiO,:Co30, = 0,16:0,84 par gramme.
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Fig.1: XRD Patterns of LiCoO; from Li0+ Co3 Oy at 700°C
(a) with Urea (b) Ammonium Nitrate.
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